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INTRODUCTION
In the market, chicken meat is sold as whole carcasses or as parts (whole breast, deboned fillets, wings, drumstick, thighs, whole leg, etc.). However, weight loss due to cut up leads to economic losses for poultry processors. As chicken products are sold by weight, any weight loss is economically undesirable. In addition, carcass cut up may influence the appearance of raw meat and cooked meat quality, such as tenderness, juiciness, firmness and appearance (Martens et al., 1982) . Bowker & Zhuang (2013) reported that weight loss during cut-up not only reduced the yield and meat quality of fresh meat, but also had impaired meat functional properties during the production of further processed poultry products.
Several Thai poultry companies currently prefer to sell or to export eviscerated whole chicken carcasses, as it saves processing time and cut-up labor and machine costs. Therefore, studies on processes to minimize carcass weight loss and to enhance carcass quality during cut-up are needed.
The process of tumbling marination is commonly applied by processing companies to improve the quality of chicken meat products (Sen et al., 2005; Alvarado & McKee, 2007) , as it increases both water absorption and improves the texture of meat after marination. Maki & Froning (1986) evaluated the tumbling marination of whole turkey carcasses, and reported increased carcass yield and reduced breast meat cooking losses. Siegel et al. (1978) had previously shown better water binding quality and lower cooking loss when hams were submitted to tumbling.
In our previous studies, we observed that the quality of normal and abnormal chicken breast meat was improved when tumbled with a non-phosphate and low-sodium salt (NPLS) additive combination (U-chupaj, 2016) . Due to the limited information on tumbling marination of eviscerated chicken carcasses, the objectives of this study were to evaluate the effect of tumbling combined with a marinade consisting of a NPLS additive solution on carcass marinade uptake, and its impact on parts yield, water holding capacity, and cooked meat quality.
MATERIALS AND METHODS

Sample collection
Forty-five eviscerated chicken carcasses (Ross 308 male, 50 ± 2 days old, 3.2 ± 0.1 kg average body weight) were obtained from Sun Food International (SFI) Co., Ltd., Saraburi, Thailand. All birds were fasted for 12 h, weighed, manually sacrificed by neck cutting, and bled for 3 min. Carcasses were scalded at 70 ºC for 2 min, plucked in a rotary drum for 30 s, and eviscerated according to the industrial standard practice. Carcasses were placed in a tumble chiller, where they remained immersed in iced water at approximately 0.6 ºC for 75 min. After chilling, chicken carcasses were placed in coolers and aged at 4 ± 1 ºC up to 6 h postmortem before further processing.
Marination procedure
On the day after slaughter (6h postmortem), eviscerated chicken carcasses were individually weighed and assigned to one of the three treatment groups (15 carcasses per treatment): not marinated, water marination, or and NPLS marination. The eviscerated carcasses were placed into a VMS-37-529 tumbler (Globus Laboratories Inc, Vienna, Austria) and marinated by tumbling either in water or in a non-phosphate low salt (NPLS) additive marinade solution containing 7.2% (w/v) of potassium bicarbonate, potassium chloride, and sorbitol (U-chupaj, 2016) at acarcass to marinade ratio of 100:50 w/w. The marination ware operated under non-vacuum conditions at 2 ± 1 ºC for 30 min and 7 ± 1 rpm speed. The experiment was performed in 3 batches (5 carcasses per batch).
Carcass and parts meat quality
The effects of the marinating process on carcass marinade uptake and meat quality of the parts were evaluated and compared among the treatments. Carcass marinade uptake was determined after marination, and raw parts yield and drip loss were investigated after cut-up. Three main carcass parts (breast, thighs, and drumsticks) were skinned, deboned, and cooked, after which cooking loss, expressible water, texture, and sensory properties were determined.
Marinade uptake
Immediately after tumbling marination, each marinated carcass was hanged to drain marinade excess at 10 ºC for 30 min and weighed again. Marinade uptake was calculated based on carcass weight of before marination (W 1 ) and its weight after marination (W 2 ), according to the equation:
Parts yield
After 1h marination (8h postmortem), each carcass was manually cut with a knife into five parts: breast meat with fillets, wings, thighs, drumsticks, and neck and back (Figure 1 ). All parts were skin-on and bone- 
Drip loss
The three carcass parts (breasts, thighs and drumsticks) were used to determine drip loss. All parts were individually weighed, packed, and stored at 4 ± 1 ºC for 24 h. Then, the difference of meat weight before (W 3 ) and after 24 h storage (W 4 ) was recorded, and expressed as drip loss percentage (Petracci & Baeza, 2010) .
Cooking loss
Before cooking, breast, thighs and drumsticks were skinned and deboned using the method of Hamm (1981) . The parts were individually vacuum-packed, placed in water bath (Model WNE 22, Memmert, Inc., Schwabach, Germany) maintained at 95 ºC, and cooked until internal temperature reached 80 ºC. Internal meat temperature was monitored throughout the cooking process using a thermocouple inserted into the thickest part of the meat. After cooking, the individual packs were cooled on ice water, drained, blotted dry, and weighed to calculate the cooking loss:
Where: W 4 = Weight before cooking, and W 5 = Weight after cooking.
Expressible water
Expressible water was measured according to the method of Liu et al. (2011) with slight modifications. Each part of the cooked meat samples (breast, thighs and drumsticks) was cut into two 15 × 15 × 15 mm cubes to obtain 30 cubes per treatment. The cubes were then weighed, placed between two pieces of Whatman filter paper No. 1 (Whatman International Ltd., Maidstone, England). Cubes were submitted to compression at 70% strain for 60 s using a TAHDi texture analyzer (Stable Micro Systems Ltd, UK) equipped with a 50-mm cylinder aluminum probe at room temperature, removed and weighed again. Expressible water content was calculated and expressed as percentage of sample weight as follows:
Expressible water (%) = [(wt 1 -wt 2 )/wt 1 ] × 100
Where: wt 1 = Weight before compression and wt 2 = Weight after compression
Cooked meat texture
The texture of cooked chicken meat (breast, thighs and drumsticks) was determined by the WarnerBratzler shear force (WBSF) and texture profile analysis (TPA) methods. Cooked meat sample was cut parallel to muscle fibers into four 10 × 20 × 10 mm strips for WBSF (60 strips per treatment) and two 15 × 15 × 15 mm cubes for TPA (30 cubes per treatment).
WBSF: Cooked meat strips were sheared perpendicularly to the fiber direction using a TA-HDi texture analyzer equipped with a Warner-Bratzler shear blade with a 25-kg loading cell. The instrument parameters were set as follows: 1 mm/s test speed, 25 to 30 mm working distance, and 0.2 N trigger force. The actual cross-sectional area at the shearing point indicates WBS force (N), while work of shear (N mm) represents the area under the force deformation curve. Both parameters were automatically calculated by Texture Expert software, version 1.0 (Stable Micro Systems, UK).
TPA: Cooked meat cubes were double-compressed to 40% of their initial height using a 25-kg loading cell connected to a 50-mm cylinder aluminum probe using TA-HDi texture analyzer. Test conditions were: 1 mm/s probe velocity, 1 s holding time, and 0.1 N trigger force. The TPA parameters hardness (N), springiness (ratio), cohesiveness (ratio), gumminess (N), and chewiness (N×mm) were calculated from the force-time curves recorded for each sample using Texture Expert software version 1.0 (Bourne, 1976; Herrero et al., 2007) .
Sensory evaluation
Sensory meat characteristics were evaluated by 30 in-house panelists. All panelists were selected from the staff members of the SFI, who had from 2 to 10 years of experience working with cooked chicken meat products. After cooking, meat samples were cut into 1.5-cm cubes and kept warm until served at 55 ºC. Once the panelists tasted the samples, they were asked to assess the intensity of sensory attributes from 1 = low to 9 = high intensity. The sensory attributes and definitions used by the panel to evaluate cooked meat are detailed in Table 1 (Lyon et al., 2004; Zhuang & Savage, 2012) . 
Statistical analysis
The results were subjected to analysis of variance (ANOVA), and means were compared by Duncan's multiple range test (Steel & Torrie, 1980 ) at a significance level of p<0.05. The statistical analysis was performed by using the Statistical Package for the Social Sciences (SPSS Inc., Chicago, Ill., USA).
RESULTS AND DISCUSSION
Carcass marinade uptake and parts yield
The effects of marination on carcass marinade uptake and parts yield after cutting up are presented in Table 2 . NPLS marination promoted higher carcass marinade uptake compared with water marination (p<0.05), indicating that the additive included in the marinade solution increased carcass water absorption. These results are in agreement with previous studies, which reported about 4 to 8% water absorption in poultry carcasses immersed in marinades (Veerkamp, 1990; Young &Smith 2004; Huezo et al., 2007 Jeong et al., 2011 Demirok et al., 2013) . The increase in carcass weight of both marinated treatments was probably due to water absorption during marination. Sanders (1969) also showed that when agitation was provided during marination, the water penetration between the skin and the muscle was significantly increased. This indicates that tumbling can increase chicken carcass water absorption due to the mechanical force of agitation. However, several European countries have established limit of 6% for carcass water uptake up after marination or immersion chilling (EC Commission Regulation, 2008) .
Relative to total weight gain, breast, thigh and drumstick meat yields were not significantly affected by the marinating treatments (p≥0.05). It is presumed that penetration of marinated solution across the skin of each part may have been limited. Moreover, the marinade solution may not infiltrate from the inside of eviscerated carcass into meat because bones and connective tissue may prevent marinade absorption by the meat.
Drip loss, cooking loss and expressible water of chicken meat
Drip losses of the breast, thighs and drumsticks are depicted in Figure 2a . Thighs presented higher drip loss, followed by breasts and drumsticks. Unexpectedly, samples from both marinated treatments exhibited a greater drip loss than the non-marinated samples, possibly because the water absorbed by the marinated samples was lost during storage. High drip loss is undesirable for both processors and consumers. For poultry processors, high drip loss reduces product yield, impairing its functionality during the production of further processed chicken products (Bowker & Zhuang, 2013) . Excessive drip loss results in an unappealing accumulation of moisture in the packages at retail, and Different superscripts within the same row indicate significant differences (p<0.05).
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loss of tenderness when the products are cooked, both of which are considered unacceptable by consumers. Figure 2b illustrates chicken meat cooking loss. All NPLS marinated parts presented significantly lower cooking loss compared with water-marinated and non-marinated samples (p<0.05). Water-marinated samples presented the highest cooking loss, except for drumsticks, which cooking loss was statistically similar to that of non-marinated samples (p≥0.05).
In terms of expressible water percentage (Figure  2c) , lower values were obtained in breast samples marinated with NPLS presented compared with those marinated in water or not marinated, but the treatments had no effect on thigh or drumstick samples. These results indicate that the effects of marination on this parameter depend on the anatomical location where meat samples were taken. This result was in agreement with van den Berg et al. (1963) and Swanson et al. (1964) , who evaluated the effect of muscle location on the water retention properties of chicken meat. Those authors reported that dark meat presented lower ability to retain water than white meat, as indicated by the higher weight loss of dark meat after cooking, and may be explained by differences in the chemical composition, structure, morphology and fiber type of these muscles. Marination with NPLS increases cooked meat WHC as it reduces loss and expressible water percentage, as well as increases meat after cooking, particularly in chicken breast meat.
Cooked meat texture
The textural quality of cooked chicken meat is presented in Table 3 . The effects of marination were more pronounced on cooked breast meat than on thighs or drumsticks. The lowest shear force was observed in both marinated breast samples when compared with non-marinated samples (p< 0.05). This is probably due to the effect of mechanical force of tumbling, which disrupts muscle cells. The lowest work of shearing was also observed in the NPLS marinated samples, indicating that NPLS marination was effective to enhance the tenderness of cooked chicken breast meat. However, TPA parameters of the cooked chicken breast meat samples were not affected by the treatments (p≥0.05). Furthermore, the WBSF and TPA results showed that the textural properties of cooked thigh and drumstick meat samples were not significantly different among three treatments (p≥0.05). This indicates that the marination treatments had weak effects on the textural quality of both meat portions. Figure 3 illustrates the effects of marination on cooked chicken meat quality, including appearance, flavor, taste, texture, after taste, and meat acceptability.
Sensory characteristics of cooked chicken meat
For breast meat (Figure 3a) , the results showed noticeable differences in cooked meat flavor, firmness, juiciness, astringency, and acceptability attributes. The panelists gave the highest acceptability score for the non-marinated sample, although it received the lowest flavor score. The lowest acceptability score was observed in the water-marinated sample, which was probably due to its higher astringency score. Moreover, the lowest 
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firmness and the highest juiciness scores were given to the NPLS-marinated sample, suggesting that it was more tender and was juicier than the other samples.
For thigh meat (Figure 3b ), panelists gave lower acceptability score for the non-marinated sample, while no differences were observed between the watermarinated and NPLS-marinated samples. This was probably due to the higher score for metallic flavor and astringent taste given to the non-marinated sample. In addition, the water-marinated sample was given a lower score for surface moisture than other cooked meat samples. The higher cooking water loss of water-marinated samples (Figure 2b ) resulted in lower moisture content in the cooked meat, resulting in the lower appearance score given by the panelist. As for the texture attributes, the higher firmness and juiciness scores, and the lower chewiness scores given to the NPLS-marinated samples indicate that these samples were more tender and juicier than the other samples.
For drumstick meat (Figure 3c ), NPLS-marinated samples received higher scores for surface moisture and color attributes, indicating that NPLS marination can improve the appearance of cooked drumstick meat. The water-marinated sample received lower flavor and sweetness scores. This may be due to the loss meat flavor and taste during cooking. However, the acceptability score of drumsticks submitted to the three evaluated treatments was not different. This was probably caused by the small differences in metallic flavor and astringent attributes, among others. Based on the sensory results, NPLS marination had a stronger influence on texture, despite the lack of differences obtained in the TPA analysis. Moreover, NPLS marination may enhance appearance attributes, and has lower on cooked meat taste and aftertaste attributes, while the cooked chicken meat submitted to water marination presented worse sensory quality.
CONCLUSIONS
The findings of this study indicated that NPLS marination may be used to enhance the quality of chicken carcasses after chilling. It may increase marinade uptake by the eviscerated chicken carcass and improve chicken meat quality after cut-up. Lower cooking loss, expressible water, and better texture were observed in the breast than in the thighs and drumsticks. However, this process should be further investigated at commercial scale to allow its potential use in industrial processing plants. Where: A = non-marination, B = water marination, C = NPLS marination.
Different superscripts within the same row indicate significant differences (p< 0.05).
